Abstract
Introduction

53
Worldwide, approximately 240 million people suffer from chronic hepatitis B 54 virus (HBV) infection, among whom 780 000 die per year from cirrhosis, liver 55 failure, and hepatocellular carcinoma (1, 2). separately.
198
For the detection of capsid assembly, the capsids were transferred directly 199 to nitrocellulose with 10 × SSC buffer by using the capillary transfer method. 1.5 ± 0.2 μM (Fig. 1C) . The IC 50 for intracellular capsid-associated HBV DNA 279 was 1.9 ± 0.1 μM (Fig. 1E) . Southern blotting analyses showed that 3711 280 inhibited the various forms (RC and SS HBV DNA) of both extracellular and 281 intracellular HBV DNA in a dose dependent manner ( Fig. 1D and Fig. 1F ).
282
Moreover, wild-type (WT) HBV plasmid ( Fig. 2A) respectively, which was confirmed by qPCR and qRT-PCR.
329
Capsid from untreated cell lysates sedimented characteristically in fractions 330 13 to 16 (Fig. 4A) , in contrast, capsid assembly after 3711 treatment 331 sedimented slightly slower (shifted to fractions 11 to 15) (Fig. 4B) .
332
Capsid-associated DNA and RNA in each gradient were extracted and 333 detected by Southern/Northern Blot, which reduced to a level below the 334 detection limit of Southern/Northern Blot after 3711 treatment (Fig. 4B) , the 335 result was further confirmed by qPCR (Fig. 4C ) and qRT-PCR (Fig. 4D) were observed (Fig. 4A & Fig. 4B ).
340
Overall, the result of the density gradient analysis further strengthened the 341 conclusion that 3711 induced the formation of genome-free capsid, which had 342 a normal structure but with lower buoyant density. of around 1.31 g/ml were considered to be naked capsids (Fig. 5A) , which was 355 in good agreement with HBsAg distribution (Fig. 5B) . HBV DNA packaged in 356 both HBV particle forms were significantly decreased by 3711 (Fig. 5C ).
357
Consistently with the intracellular results, the naked capsid after 3711 analyzed by Northern Blot (35) 8 days after 3711 treatment. 3711 had no effect 379 on total HBV RNA production ( Figure 6A ) but dose-dependently decreased 380 capsid-associated RNA level (Fig. 6B ), which were quantified using qRT-PCR 381 (Fig. 6C) . AT-130, a known assembly effector, was used at the concentration 382 around IC 50 (5μM) as a positive control and showed similar activity as 3711. at the inter-dimer interface of HBV capsid.
418
To explore the mechanism of 3711, we compared the effect of 3711 and Cp183 and Cp144 (Fig. 8A) .
423
Previous studies identified AT-130 as an assembly effector, which effectively assembly compared to those from core V124W mutant (Fig. 8B) . Notably,
439
HBV replication from the 1:1 coexpression experiments were inhibited by 3711
440
and AT-130 treatment (Fig. 8C) . The data presented here revealed that core agarose gel (Fig. 3) and density profile in isopycnic CsCl gradient 456 centrifugation (Fig. 4) . However, as shown in the electron micrographs, we 457 observed no aberrant capsid assembly after 3711 treatment (Fig. 3B & Fig. 4 458 & Fig. 5D ). Doxycycline, 3711 had no effect on the preexisting capsids (data not shown). showed that genome-free capsid assembly without 3711 treatment were with 483 normal electrophoresis mobility (Fig. 7) , which suggested that the effect of 3711's effect on capsid assembly reaction rate and thermodynamic aspects 496 have not yet been investigated, and other explanations cannot be excluded.
497
Morever, it was reported that the core V124W mutant and HBc185 and naked virus particle, but little effect on HBV capsid level in both viral 513 particle forms were seen (Fig. 5A) treatment sedimented slower than wild-type capsid (shifted to a lower density).
730
Capsid containing in fractions 13 to 15 of control and fractions 11 to 13 of 3711
731
were respectively observed by transmission electron microscopy. White arrow were indicative of virions, and fractions at densities of around 1.31 g/ml were 746 considered to be naked capsids (Fig. 5A) , which was supported by the 
786
Capsid were analyzed on a 1.8% native agarose gel (B) and 787 capsid-associated DNA were detected by Southern Blot (C). 
